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1
FUSER MANUFACTURE AND APPARATUS

BACKGROUND

1. Field of Use

This disclosure 1s generally directed to fuser members
usetul in electrophotographic imaging apparatuses, including,
digital, image on 1mage, and the like. This disclosure also
relates to processes for making and using fuser members.

2. Background

Generally, 1n a commercial electrophotographic marking
or reproduction apparatus (such as copier/duplicators, print-
ers, multifunctional systems or the like), a latent image charge
pattern 1s formed on a uniformly charged photoconductive or
dielectric member. Pigmented marking particles (toner) are
attracted to the latent image charge pattern to develop this
image on the photoconductive or dielectric member. A
receiver member, such as paper, 1s then brought into contact
with the dielectric or photoconductive member and an electric
field applied to transier the marking particle developed image
to the recerver member from the photoconductive or dielectric
member. After transfer, the recerver member bearing the
transferred 1mage 1s transported away from the dielectric
member to a fusion station and the image 1s fixed or fused to
the receiver member by heat and/or pressure to form a per-
manent reproduction thereon. The receiving member passes

between a pressure roll and a heated fuser roll or element.
A Tuser member having a long life 1s desirable.

SUMMARY

According to an embodiment, a method for the production
of a fuser member 1s provided. The method includes obtain-
ing a substrate and positioning a fluoroplastic layer around
the substrate. The outer surface of the fluoroplastic layer 1s
roughened to a surface roughness of between about 0.03 um
Ra and about 3 um Ra. The outer surface 1s coated with a
functional silicone o1l.

According to an embodiment, there 1s provided a fuser
member comprising a substrate, an mtermediate layer dis-
posed on the substrate; and a fluoroplastic layer disposed on
the intermediate layer. The outer surface of the fluoroplastic
layer has a surface roughness of between about 0.03 um Ra
and about 3 um Ra. A functional silicone o1l 1s applied to the
outer surface.

According to an embodiment, there 1s provided a fuser
member comprising a substrate and an intermediate layer
disposed on the substrate, wherein the intermediate layer
comprises an elastomer selected from the group consisting of
silicone rubbers, high temperature vulcanization silicone rub-
bers, low temperature vulcanization silicone rubbers, liquid
silicone rubbers, and siloxanes. A fluoroplastic layer 1s dis-
posed on the intermediate layer having a thickness of from
about 10 microns to about 350 microns, wherein an outer
surface of the fluoroplastic layer comprises a surface rough-
ness ol between about 0.03 um Ra and about 3 um Ra. The
fluoroplastic layer has a surface resistivity of less than about
10” Q/square. A functional silicone oil is applied to the outer
surface.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in
and constitute a part of this specification, illustrate several
embodiments of the present teachings.

FIG. 1 1s a schematic of an embodiment of a fuser roller.
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It should be noted that some details of the drawings have
been simplified and are drawn to facilitate understanding of

the embodiments rather than to maintain strict structural
accuracy, detail, and scale.

DESCRIPTION OF THE EMBODIMENTS

Retference will now be made 1n detail to embodiments of
the present teachings, examples of which are 1llustrated 1n the
accompanying drawings. Wherever possible, the same refer-
ence numbers will be used throughout the drawings to refer to
the same or like parts.

In the following description, reference 1s made to the
accompanying drawings that form a part thereof, and 1n
which 1s shown by way of illustration specific exemplary
embodiments in which the present teachings may be prac-
ticed. These embodiments are described in suificient detail to
enable those skilled 1n the art to practice the present teachings
and 1t 1s to be understood that other embodiments may be
utilized and that changes may be made without departing
from the scope of the present teachings. The following
description 1s, therefore, merely exemplary.

FIG. 1 1s a schematic view of an embodiment of a fuser
member 100, demonstrating various possible layers. As
shown 1n FIG. 1, a substrate 110 has an intermediate or
cushioning layer 120 thereon. Intermediate or cushioning
layer 120 can be, for example, a silicone rubber. On interme-
diate layer 120 1s an outer layer 130, for example, a fluoro-
plastic.

Fuser rolls used 1n electrophotographic marking systems
generally comprise a substrate 110 shown herein as a core
cylinder having one or more intermediate layers 120 such as
silicone. The intermediate layer 120 can include silicone rub-
bers such as room temperature vulcanization (RTV) silicone
rubbers, high temperature vulcanization (HTV) silicone rub-
bers, low temperature vulcamization (L1TV) silicone rubbers

and liquid silicone rubbers (LSR). These rubbers are known
and readily available commercially, such as SILASTIC® 735

black RTV and SILASTIC® 732 RTV, both from Dow Corn-
ing; and 106 RTV Silicone Rubber and 90 RTV Silicone
Rubber, both from General Flectric. Other suitable silicone
maternals include siloxanes (such as polydimethylsiloxanes);
fluorosilicones such as Silicone Rubber 552, available from
Sampson Coatings, Richmond, Va.; liquid silicone rubbers
such as vinyl crosslinked heat curable rubbers or silanol room
temperature crosslinked materials; and the like. Another spe-
cific example 1s Dow Corning Sylgard 182.

Optionally, any known and available suitable adhesive
layer may be positioned between the intermediate layer 120,
the outer layer 130 and the substrate 110. Examples of suit-
able adhesives include silanes such as amino silanes (such as,
for example, HV Primer 10 from Dow Corning), titanates,
zirconates, aluminates, and the like, and mixtures thereof.

An exemplary embodiment of the outer layer 130 include
fluoroplastics. Fluoroplastics have been used as the topcoat
matenals for oil-less fusing for their good releasing property.
PFA and PTFE, the most representative fluoroplastics for
fusing applications, are chemically and thermally stable and
possess a low surface energy. Examples of fluoroplastics
include polytetrafluoroethylene (PTFE); perfluoroalkoxy
polymer resin (PFA); copolymers of polytetrafluoroethylene
and perfluoromethylvinylether, and mixtures thereof. The
fluoroplastics provide chemical and thermal stability and
have a low surface energy. In embodiments, these fluoroplas-
tic layers contain at least 65 volume percent tluoroplastic,
depending on electrical conductivity, wear and release
requirements.
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In some embodiments, the intermediate layer 120 includes
silicone. Alternatively, the intermediate layer 120 may com-
prise components other than silicone. In embodiments, the
intermediate layer contains at least about 30 volume percent,
or at least about 50 volume percent silicone, or at least 70
volume percent silicone, depending on thermal conductivity
requirements.

The thickness of the outer fluoroplastic layer 130 of the
fuser member 100 herein 1s from about 10 microns to about
350 microns, or from about 15 microns to about 100 microns,
or from about 20 to 80 microns.

Examples of suitable substrate 110 materials include, in the
case of roller substrate, metals such as aluminum, stainless
steel, steel, nickel and the like. In embodiments, the substrate

material can include polymers such as polyimides, polyami-
deimides, polyetherimides, polyether ether ketones and
polyphenylene sulfides.

When a fluoroplastic layer 1s used to manufacture a fuser
roller, there are several methods that can be used. A first
method mvolves obtaining a substrate and positioning a fluo-
roplastic layer around an outer surface of the substrate. An
clastomer 1s mjected between the outer surface of the sub-
strate and an 1nner surface of the layer to form a fuser member.
The silicone 1s cured 1n the mold and then demolded.

A second method involves positioming a fluoroplastic
sleeve around a substrate having an elastomeric layer thereon.
The layer and substrate are heated to a temperature to cause
the fluoroplastic layer to shrink and thereby form a fuser
member. In embodiments, a primer layer 1s included between
the intermediate layer and the fluoroplastic layer.

In the methods of manufacturing fuser members described
above, the inner surface of the fluoroplastic layer can be
etched to increase adhesion. In addition, the outer surface of
the substrate can be roughened to increase adhesion with the
clastomer and/or primer layers.

A third method 1s coating the fluoroplastic layer by spray or
flow coating. Fluoroplastic layers are typically used to mini-
mize oil use 1n electrophotographic machines when com-
pared with fluoroelastomer surfaces, since they have better
releasing characteristics. Also the cost of the fluoroplastic
coating construction 1s usually advantaged over fluoroelas-
tomer coatings.

The smooth, extruded surtace of the conductive tluoroplas-
tic layers, for example PFA, can exhibit difficult stripping,
showing stripper finger defects 1n the print at time zero and
even past 500,00 prints. It has been discovered that by rough-
ening the fluoroplastic roll surface and pretreating the roll
surface with a functional oils, the stripping 1s improved.

Specifically, the roughened surface of the fluoroplastic
layer 1s wiped or coated with functional silicone o1l before use
to reduce the stripping force from the point where stripper
finger artifacts are at a low (non-objectionable) level. After
the imtial wipe or coating no turther oil 1s applied to the fuser
surface. Unexpectedly, the improved stripping performance
has lasted past 1,000,000 prints.

The functional silicone o1l useful 1n embodiments 1s a
composition, for example, containing a mixture of a mercapto
tfunctionalized silicone o1l compound 1n an eflective amount,
for example, from about 0.1 to about 30 percent by weight and
a second non-mercapto functionalized o1l, such as polydim-
cthyl silicone o1l 1n an effective amount of, for example, about
99.9 to about 70 percent by weight. The second polydimethyl
silicone o1l compound can be selected from the group con-
sisting of known non functional silicone oils 1ncluding an
amino functional siloxane, phenyl methyl siloxane, trifluoro-
propyl functional siloxane, and a non functional silicone o1l
or polydimethylsiloxane o1l. The functional o1l 1s described
more fully in U.S. Pat. No. 5,395,725, incorporated by refer-
ence herein.
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The surface of this fuser roll can be roughened by sanding,
polishing, knurling, blasting, beading or the like. The surface
roughness of the outer surface of the fluoroplastic sleeve 1s
between about 0.03 um Ra and about 3 um Ra, or from about
0.04 um Ra and about 2.5 um Ra, or from about 0.05 um Ra
and about 2 um Ra.

Examples of conductive particles or fillers that can be
included 1n the fluoroplastic sleeve or the elastomer or cush-
ioning layer include carbon nanotubes (CN'T); carbon blacks
such as carbon black, graphite, acetylene black, graphite,
grapheme, tluorinated carbon black, and the like; metal, metal
oxides and doped metal oxides, such as tin oxide, antimony
dioxide, antimony-doped tin oxide, titanium dioxide, indium
oxide, zinc oxide, indium oxide, indium-doped tin trioxide,
silicon carbide, metal carbide and the like; and mixtures
thereof. The conductive particles may be present 1n an amount
of from about 0.1 volume percent to about 30 volume percent,
or from about 0.5 volume percent to about 20 volume percent,
or from about 1 volume percent to about 10 volume t percent
of total solids to the fluoroplastic in the sleeve. The interme-
diate layer typically has from about 15 volume percent to
about 50 volume percent of conductive particles or fillers, or
from about 20 volume percent to about 45 volume percent of
conductive particles or fillers or from about 25 volume per-
cent to about 35 volume percent of conductive particles or
fillers.

Optionally, any known and available suitable adhesive or
primer layer may be positioned between the intermediate
layer 120, the fluoroplastic sleeve 130 and the substrate 110.
Examples of suitable adhesives include silanes such as amino
silanes (such as, for example, HV Primer 10 from Dow Corn-
ing), titanates, zirconates, aluminates, and the like, and mix-
tures thereof. In an embodiment, an adhesive 1n from about
0.001 percent to about 10 percent solution can be applied to
the substrate. The adhesive layer can be coated on the sub-
strate, or on the outer layer, to a thickness of from about 2
nanometers to about 2,000 nanometers, or from about 2
nanometers to about 500 nanometers for a silane adhesive.
Commercially available adhesives can have the above agents
in an elastomer rich solution. When this occurs the thickness
of the adhesive layer 1s from about 1 microns to about 50
microns, or from about 2 microns to about 5 microns. The
adhesive can be coated by any suitable known technique,
including spray coating or wiping.

The Young’s Modulus of the fluoroplastic sleeve 130 1s
from about 50 kpsi1 to about 100 kpsi, or from about 70 kpsi to
about 95 kpsi, or from about 85 kps1 to about 95 kpsi. The
tensile stress in the outer layer 1s from about 1000 psi1 to about
5000 psi, or from about 2000 ps1 to about 4000 psi, or from
about 2700 psi to about 3300 psi. This fuser member 100
described herein exhibits as surface conductivity of less than
about 10” €/square. However, there are applications where
non-electrically conductive sleeves are used and the surface
conductive is greater than about 10'* Q/square.

Examples

The outer surface of a PFA (perfluoroalkoxy polymer
resin) sleeve was sanded lightly with 15 um aluminum oxide
micro-finishing media. The roughness of the surface after
sanding was about 0.03 to about 5.0 um Ra. The surface was
wiped with fuser shield, an amino silicone o1l and fuser agent
II, a mercapto silicone oi1l. A matrix of oiled and dry rolls was
run with various papers and a solid black near the lead edge of
the print. The “dry” sanded rolls had poor stripping perfor-
mance while the sanded and oiled rolls had acceptable strip-
ping. Table 1 1s a summary of the results.
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TABLE 1
30 Shore A 60 Shore A
Sand - Hard Hard Stripping-
Not pre- Stripping- Waves
oiled Fail
Sand - VL Good VL Good
Pre-oiled stripping stripping

Table 1 shows that a roughened pre-oiled outer surface of a
fluoroplastic layered fuser roll provides good 1mitial perfor-
mance. An unexpected result 1s the good stripping (low level
of paper distortion and stripper finger marks 1n the print) lasts
without the addition of additional o1l for at greater than 500,
000 prints. This 1s an unexpected result.

Other embodiments of the present teachings will be appar-
ent to those skilled in the art from consideration of the speci-
fication and practice of the present teachings disclosed herein.
It 1s intended that the specification and examples be consid-
ered as exemplary only, with a true scope and spirit of the
present teachings being indicated by the following claims.

What 1s claimed 1s:

1. A method for the production of a fuser member com-
prising:

obtaining a substrate;

positioning a fluoroplastic layer around the substrate;

conditioning an outer surface of the fluoroplastic layer to a

surface roughness of between about 0.03 um Ra and
about 5 um Ra; and

oiling the outer surface with a functional silicone o1l prior

to use 1n an electrophotographic apparatus, wherein no
further functional silicone o1l 1s provided to the outer
surface while 1n the electrophotographic apparatus.

2. The method of claim 1 wherein the functional silicone o1l
comprises an o1l blend composition comprising at least one
mercapto functional silicone and at least one non-mercapto
s1licone o1l.

3. The method of claim 1 wherein said fluoroplastic layer
comprises a polymer selected from the group consisting of
polytetrafluoroethylene (PTFE), pertluoroalkoxy polymer
resin (PFA), copolymers of polytetrafluoroethylene and per-
fluoromethylvinylether and mixtures thereof.

4. The method of claim 1 wherein the fluoroplastic layer
turther comprises conductive fillers.

5. The method of claim 4 wherein the conductive fillers are
selected from the group consisting of carbon nanotubes, car-
bon black, acetylene black, graphite, graphene, metal, metal
oxide, doped metal oxides, silicon carbide and metal carbide.

6. The method of claim 1 wherein the substrate 1s selected
from the group consisting of aluminum, stainless steel, steel,
nickel, polyimide, polyamideimide, polyetherimide, poly-
cther ether ketone and polyphenylene sulfide.

7. The method of claim 1 wherein an outer surface of the
substrate has been roughened.

8. The method of claim 1 further comprising:

providing an adhesive layer disposed between the fluoro-

plastic layer and the substrate.

9. The method of claim 1 further comprising;

providing a intermediate layer between the fluoroplastic

layer and the substrate.

10. The method of claim 9 wherein the intermediate layer
comprises an elastomer selected from the group consisting of
s1licone rubbers, vulcanized silicone rubbers, liquid silicone
rubbers and siloxanes.
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11. The method of claim 1 wherein the fluoroplastic layer
comprises a sleeve.

12. A fuser member comprising:

a substrate:

an intermediate layer disposed on the substrate;

a fluoroplastic layer disposed on the intermediate layer
wherein the outer surface of the fluoroplastic layer has a
surface roughness of between about 0.03 um Ra and

about 3 um Ra; and
a functional silicone o1l disposed on the outer surface prior
to use 1n an electrophotographic apparatus, wherein the
functional silicone o1l comprises an o1l blend composi-
tion comprising at least one mercapto functional silicone
and at least one non-mercapto silicone oil.
13. The fuser member of claim 12 wherein said fluoroplas-
tic layer comprises a polymer selected from the group con-

sisting of polytetrafluoroethylene (PTFE), pertluoroalkoxy
polymer resin (PFA), copolymers of polytetrafluoroethylene
and perfluoromethylvinylether and mixtures thereof.

14. The fuser member of claim 12 wherein the fluoroplastic
layer turther comprises conductive fillers.

15. The fuser member of claim 14 wherein the conductive
fillers are selected from the group consisting of carbon nano-
tubes, carbon black, acetylene black, graphite, graphene,
metal, metal oxide, doped metal oxides, silicon carbide and
metal carbide.

16. The method of claam 12 wherein the substrate 1s
selected from the group consisting of aluminum, stainless
steel, steel, nickel, polyimide, polyamideimide, polyetherim-
ide, polyether ether ketone and polyphenylene sulfide.

17. The fuser member of claim 12 further comprising:

an adhesive layer disposed between the fluoroplastic layer
and the intermediate layer.

18. The fuser member of claim 12 wherein the intermediate
layer 1s selected from the group consisting of silicone rubbers,
vulcanized silicone rubbers, liquid silicone rubbers and s1lox-
anes.

19. An electrophotographic apparatus comprising:

a photoconductive member for receving a latent 1mage;

a development component for applying toner to the latent

image for developing the latent 1mage;

a transier component for transferring the developed latent
image to a recerver member;

a Tuser station for fixing the developed latent 1mage to the
receiver member wherein the fusing station includes a
fuser member comprising;

a substrate;:

an 1intermediate layer disposed on the substrate wherein
the intermediate layer comprises an elastomer
selected from the group consisting of silicone rub-
bers, vulcanized silicone rubbers, and siloxanes;

a fluoroplastic layer 1s disposed on the intermediate
layer, wherein the fluoroplastic layer has a thickness
of from about 10 microns to about 350 microns,
wherein an outer surface of the fluoroplastic layer
comprises a surface roughness of between about 0.03
um Ra and about 3 um Ra and wherein the fluoroplas-
tic layer has a surface resistivity of less than about 107
(2/square; and

a Tunctional silicone disposed on the outer surface prior
to use 1n an electrophotographic apparatus, wherein
no further functional silicone o1l 1s provided to the
outer surface while 1n the electrophotographic appa-
ratus.
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